In vitro somatic embryogenesis and regeneration are important techniques for crop improvement and mass propagation. This study was conducted to establish and optimize a regeneration system for agronomically important potato cultivars ('Victoria' and 'Rutuku') of Solanum tuberosum L. in Uganda. 
INTRODUCTION
Irish potato (Solanum tuberosum) is an important staple food crop as well as a cash crop in the highland areas of Uganda where it is grown by over 300,000 smallholder households. Potatoes play a major role in national food and nutritional food security by providing a cheap but nutritionally rich staple food required in the fast growing population of Uganda, contributing protein, vitamins, zinc and iron to the diet (Abong et al., 2009 ). However, the productivity has stagnated between 5 -7.5 t/ha at farmers level for many years while on-station yields go as high as 20 t/ha (FAOSTAT, 2014) . This yield gap is attributed to pests and diseases (mainly late blight and bacterial wilt), low yielding varieties, poor disease management practices (Olanya et al., 2001) , inadequate soil fertility management (Lemaga et al., 2001 ) and use of low quality seed potatoes (Byarugaba et al., 2017; Aheisibwe et al., 2015) . With the rapid development of cell engineering, studies using suspension cells as starting plant material have gained momentum over the past several years. A fine cell suspension line is a good target tissue for gene transfer and somatic embryogenesis. Therefore, the establishment of in vitro reproducible regeneration protocols for cell suspension cultures in economically important potato cultivars provide an opportunity to make Biotechnology applications such as genetic engineering techniques more successful (Hussain et al., 2005) .
Use of in vitro techniques such as somatic embryogenesis and regeneration combined with genetic engineering thus hold great prospect in addressing some of the production challenges for this crop especially diseases and seed quality (JayaSree et al., 2001) . In vitro regeneration of plants have contributed to mass propagation of many plant species including potatoes and has emerged as an alternative for reducing cost of production (Vasil, 2012; Abbott and Belcher, 1986; Brar and Jain, 1998) as well as induction of fast crop improvements. Callus induction and subsequent plant regeneration using phytohormones accelerate the multiplication of young and strong plantlets.
In potatoes (Solanum tuberosum L.), different approaches have been tried to obtain efficient in vitro regeneration system from petioles with intact leaflets (Yee et al., 2001) , leaves (Sarker and Mustafa, 2002; Andersson et al., 2003) , leaf discs (Osusky et al., 2005) , tuber discs (Vasquez and Clarence, 2002) , and from stem (Chang et al., 2002) through callus induction. However, somaclonal variation in plants coupled with long regeneration period have been reported from potato plants derived from leaf discs (Fleming et al., 1992; Trujillo et al., 2001) , stem segments (Cardi et al., 1993) , anthers (Véronneau et al., 1992) and protoplasts (SreeRamulu et al., 1983; Coleman et al., 1990) and these have been reported to be genotype dependent. The development of somatic embryo has been done successfully using several explants tissues of potato such as tuber discs, nodes and leaf tissues on solid media (JayaSree et al., 2001) . Since regeneration systems for most potato cultivars are genotype-specific, this limits their wide applicability to all genotypes (Ritchie and Hodges, 1993) . Available evidence suggests that populations of regenerated plants may contain tremendous somaclonal variants which can be used to complement existing breeding programs. Studies have also shown that there is a strong link between the somatic embryos and the original explants tissue hence, production of somatic embryos from cell suspension cultures are more desirable. Due to differences in regeneration abilities of cultivars that are recalcitrant to various biotechnological advances (Sharma et al., 2008; Kumar and Kumar, 1996) , identification and screening of useful cultivars for embryogenic callus formation and subsequent plant regeneration using in vitro cell culture, forms the key steps in potato genetic improvement program (Hoque et al., 2007) . Therefore, genotype and nutrient media composition are the most important factors which affect callus induction and subsequent plant regeneration. Therefore, this study was conducted to establish and optimize a regeneration system for two agronomically important potato cultivars ('Victoria' and 'Rutuku').
MATERIALS AND METHODS

Potato explant materials and experimental design
Explants of two (2) potato cultivars of Victoria and Rutuku were obtained from Kachwekano Zonal Agricultural Research and Development Institute and taken to Bioscences for east and central Africa (BecA) Tissue Culture Laboratory. They were surface sterilized using sodium hypochorite (20%) and ethanol 70% for 5 min and rinsed 3 times with distilled water before cutting them into different segments of internodes, leaf disc and stems. The experiment was set up as a 3 factor factorial (media composition, Variety and explant type) and laid out in Completely Randomized Design (CRD) with 4 replications and 8 explants in each replicate.
Media used
MS basal medium (Table 1 ) was used and chemicals for preparation of the MS media were acquired from Duchefa. It contained the full macro and micro elements. The media was supplemented with vitamins (thiamine (Vit B1) 0.1 mg/l, Niacine (0.5 mg/l), Glycine (2.0 mg/l), pyridoxine (HCl) Vit B6 (0.5 mg/l) and Sucrose (25%), obtained from Sigma Aldrich inc. Plant growth regulators (phytohormones) were also obtained from Sigma Aldrich Inc and included mainly gibberellic acid (GA3), α-naphthalene acid (NAA), N-6-benzylaminopurine(BAP), indoleacetic acid (IAA), kinetin, 2,4-dichlorophenoxyacetic acid (2,4-D) and zeatin riboside.
For callus induction, leaf and internodal segments were put on callus induction media and maintained in the growth room at 16/8 light dark photoperiod at 18°C. The experiment was carried out with 4 replications with 5-8 explants in each replicate. The cultures were observed periodically for the development of the callus. Welldeveloped calli were excised and put on regeneration media containing different concentration levels of phytohormones (Table  1) for shooting and rooting and incubated at 25±2°C with a 16-h photoperiod.
For production of cell suspension, calli were put into liquid callus production media with constant shaking at 150 rpm at 25°C. After two weeks of culture, the aggregated calli cells were transferred into 50 -100 ml of fresh liquid MS media supplemented with NAA (2 mg/l) + 2-4,D (2 mg) and kinetin (2 mg/l). The cultures were maintained in complete darkness for a period of one month with sub-culturing every two weeks on fresh media. After removing the liquid, the aggregated cells in the flasks were removed and transferred to solid plant regeneration media supplemented with phytohormones as indicated in Table 1 , followed by incubation in the darkness for 3 weeks at 18°C.
Media Hormone combination Callus induction
Data collection
Data were collected on callus induction frequency, days to callus initiation, callus texture, color and percentage of callus formation. Data were also recorded on the following parameters, days to shoot regeneration, number of shoots per explant, days to root induction, number of roots per explant.
Data analysis
Three factor factorial analysis of variance were performed using Genstat statistical software and mean separated by LSD at 5% level of significance.
RESULTS AND DISCUSSION
Effects of growth regulators on callus formation of two potato varieties
Regeneration was done using internodes and leaf segments as explants from two different potato cultivars namely: 'Victoria' and 'Rutuku'. The different phytohormones used in the preparation of media for regeneration were 2,4-D and naphthalene acetic acid Castillo et al. (1998) who reported that 2,4-D and NAA can be used to enhance callus induction and maintenance at 3 mg/l as a growth regulator in MS media. It was also observed that media combination without Zeatin turned brown after prolonged incubation period. The media combination with Zeatin, turned green but took longer time (> 60 days) to initiate shoots from the callus. For Rutuku, the best callusing rate was obtained from internodes (85 -100%) compared to leaf segments (9 -73.3%) while for Victoria internode callus rate ranged from 13 -30% and for leaves 3 -55%. In terms of texture, all the calli formed from leaf and internodes were friable and soft with a light to cream colour (Table 2) .
Comparing the two types of explants, internodes of Rutuku gave a very good response to callus formation with callusing rate of 100% in M2 compared to other media compositions (M3, M4 and M5) ( Table 2 ). Victoria also formed callus but the degree of callus formation was poor compared to that of Rutuku for both explants and in all media compositions (M1 -M5). The callus colour was gradually modified to light brown as it stayed on the media while on transfer to shooting media the colour (50%) of the callus changed to light green or light brown (Figure 1) .
The result of the study shows that hormone combination of auxins [2, 4-D (2 mg/l) + NAA (2 mg/l) + KN (2 mg/l) is the most effective growth regulator for callus initiation in potato explants on Rutuku and Victoria (95/80%) compared to media combinations under M3, M4 and M5.
Effects of different phytohormones on shoot initiation of two potato varieties
Seven (7) weeks old calli of Rutuku and Victoria developed from the best callus media (Table 1) were transferred to regeneration media for development of the shoots. The two potato cultivars showed varying responses in shoot induction on different media composition. BAP + NAA at 3 and 5 mg/l caused calli from both varieties to grow in size with some calli developing shoots (Figure 2 ) while in some cases, no regeneration was observed even after 50 days on culture as shown in Figure 1 . In all these cases, intervening callus phase resulted in initiation of very few numbers of shoots from the callus and where shoot induction occurred, there was a prolonged period of incubation.
Based on this study, it was found out that use of NAA in combination with BAP is good for maintenance of the callus and callus growth at 3 mg/l. The results of the study shows that the callus from Victoria grew much bigger in size compared to Rutuku (Figure 2 ) and this was attributed to difference in the genotype of the two varieties.
Application of MS + BAP (2 mg/l) + IAA (2 mg/l) at 2 mg/l and 1 mg/l each resulted in the calli developing roots instead of shoot for both Rutuku and Victoria. The calli became light brown in colour and the developed roots became hairy and elongated with size over 3 cm due to the action of these hormones. This implies that combination of Zeatin and BAP should be applied after (Table 3) . The best media combination was noted as M12 with 34% shoot regeneration. This media component contained Zeatin riboside that is good for controlling the development of highly organogenic micro calli and supports both organogenesis and somatic embryogeneis. This result is supported by the report of Beaujean et al. (1998) and Ghosh et al. (2015) that noted that Zeatin when applied at 0.8 mg/l stimulates shoot development. However, in this case, the optimum rate of application was observed at 2 mg/l in combination with Kinetin at 2 mg/l.
Conclusion
A reliable regeneration system has been established for two potato cultivars 'Victoria and 'Rutuku' This regeneration system can be applied in the genetic (A) (B) improvement targeting the most important diseases mainly late blight and bacterial wilt that are heavily ravaging the potatoes in Uganda. This study also shows that other potato varieties can be regenerated by optimization of the media components especially phytohormone concentration to enable regeneration and transformation.
